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57 ABSTRACT 

A gas-path leakage seal for generally sealing a gas-path 
leakage-gap between spaced-apart first and second members 
of a gas turbine (such as first and second segments of a gas 
turbine combustor casing). The seal includes a generally 
imperforate foil-layer assemblage which is generally imper 
vious to gas, is located in the leakage-gap, is spaced apart 
from the first member, and has a first foil layer. The seal also 
includes a cloth-layer assemblage contacting the first men 
ber and having a first cloth layer generally enclosing and 
generally enclosingly-contacting the foil-layer assemblage. 
The first foil layer is made from a metal, ceramic, and/or 
polymer. The first cloth layer is made from metal, ceramic, 
and/or polymer fibers. The foil assemblage provides for 
sealing and flexibility, and the cloth assemblage provides for 
wear resistance and flexibility. The seal accommodates 
different surface shapes, assembly misalignment, vibration, 
and differential thermal growth of the gas turbine members. 

12 Claims, 2 Drawing Sheets 
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1. 

GAS-PATH LEAKAGE SEAL FOR A GAS 
TURBNE 

This application is a continuation of application Ser. No. 
08/308,172 filed Sep. 19, 1994, now abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to gas turbines, 
and more particularly to a gas-path leakage Seal for a gas 
turbine. 

Gas turbines include, but are not limited to, gas turbine 
power generation equipment and gas turbine aircraft 
engines. A gas turbine has a gas path which typically 
includes, in serial-flow relationship, an air intake (or inlet), 
a compressor, a combustor, a turbine, and a gas outlet (or 
exhaust nozzle). Gas leakage, either out of the gas path or 
into the gas path, from an area of higher pressure to an area 
of lower pressure is generally undesirable. For example, 
gas-path leakage in the turbine area of a gas turbine will 
lower the efficiency of the gas turbine leading to increased 
fuel costs. Also, gas-path leakage in the combustor area of 
a gas turbine will require an increase in burn temperature to 
maintain power level, such increased burn temperature lead 
ing to increased pollution, such as increased NOx and CO 
production. 

Gas-path leakage occurs through gaps between gas tur 
bine subassemblies such as through gaps between the com 
bustor and the turbine, and gas-path leakage occurs through 
gaps between the components that make up a gas turbine 
Subassembly, such as through gaps between combustor 
casing segments. Such components and subassemblies have 
surfaces of different shapes, suffer from assembly 
misalignment, and undergo vibration. Hot-section compo 
nents thermally experience hot gas flow and typically 
undergo different thermal growths. Conventional seals are 
used to reduce such leakage. For example, a conventional 
rigid or leaf seal made of metal may have a leakage of 2.4% 
(primarily from flow around the seal due to different surface 
shapes, assembly misalignment, vibration, thermal growth, 
and/or wear). Such leakage in the combustor may result in 
a 15 (or much higher) parts-per-million (ppm) NOx produc 
tion and a similar CO production. What is needed is an 
improved gas-path leakage seal for a gas turbine which will 
further increase efficiency and further decrease pollution, 
such as further decreasing NOx and CO production. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a gas-path 
leakage seal for a gas turbine. 
The gas-path leakage seal of the invention is for generally 

sealing a gas-path leakage-gap between spaced-apart first 
and second members of a gas turbine. The seal includes a 
generally imperforate foil-layer assemblage and a cloth 
layer assemblage. The foil-layer assemblage is generally 
impervious to gas, is located in the leakage-gap, is spaced 
apart from the first member, and has a first foil layer. The 
cloth-layer assemblage contacts the first member and has a 
first cloth layer which generally encloses and generally 
enclosingly-contacts the foil-layer assemblage. 

Several benefits and advantages are derived from the 
invention. The foil-layer assemblage of the seal offers good 
sealing and good flexibility. The cloth-layer assemblage 
offers some sealing, good wear resistance, and good flex 
ibility. Good flexibility means the seal is very compliant and 
can accommodate surfaces of different Shapes, assembly 
misalignment, vibration, and differential thermal growth. 
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Initial gas turbine combustor tests showed a gas-path leak 
age of generally 1.0% with the seal of the invention com 
pared to a gas-path leakage of 2.4% with a conventional 
metal rigid seal. Such improved gas-path leakage showed a 
6 ppm NOx production with the seal of the invention 
compared to a 15 ppm NOx production with the conven 
tional seal. It is anticipated that CO production would be 
similarly lowered, Thus, it is expected that the seal of the 
invention (which can be retrofitted) will allow today's gas 
turbine combustors to meet future governmental pollution 
standards of 9 ppm NOx production and 9 ppm CO produc 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings illustrate several preferred 
embodiments of the present invention wherein: 

FIG. 1 is a schematic perspective view of a first preferred 
embodiment of the seal of the present invention with the 
cloth-layer assemblage removed from an end portion of the 
seal exposing the foil-layer assemblage and with an end 
portion of the two foil layers of the foil-layer assemblage 
shown in separation; 

FIG. 2 is a schematic cross-sectional view of the seal of 
FIG. 1 shown installed in a gas-path leakage-gap between 
two gas turbine members; 

FIG. 3 is a schematic cross-sectional view of a seal 
installation for a second preferred embodiment of the seal of 
the invention; 

FIG. 4 is a schematic cross-sectional view of a twin-seal 
installation wherein each seal is generally identical to the 
seal of FIG. 3; and 

FIG. 5 is a schematic cross-sectional view of a multi-seal 
installation wherein each seal is generally identical to the 
Seal of FIG. 3. 

DETALED DESCRIPTION OF THE 
INVENTION 

Referring now to the drawings, wherein like numerals 
represent like elements throughout, FIG. 1 schematically 
shows a first preferred embodiment of the gas-path leakage 
seal 10 of the present invention, and FIG. 2 shows a 
preferred installation of the seal 10. The gas-path leakage 
seal 10 is for generally sealing a gas-path leakage-gap 12 
between spaced-apartfirst and second members 14 and 16 of 
a gas turbine 18 (only a small portion of which is shown in 
FIG. 2). The seal 10 includes a generally imperforate foil 
layer assemblage 20 and a cloth-layer assemblage 22. The 
foil-layer assemblage 20 is generally impervious to gas, is 
disposed in the gas-path leakage-gap 12, is spaced-apart 
from the first member 14, and has a first foil layer 24. The 
cloth-layer assemblage 22 contacts the first member 14 and 
has a first cloth layer 26 generally enclosing and generally 
enclosingly-contacting the foil-layer assemblage 20. 
The foil-layer assemblage 20 of seal 10 is an assemblage 

of overlying layers of foil. The foil comprises (and prefer 
ably consists essentially of) metal, ceramic, and/or polymer 
foil. The choice of materials for the foil and the choice of the 
thickness for a layer are made by the artisan to meet the 
sealing and flexibility requirements of a particular seal 
application. Preferably, the foil-layer assemblage 20 has no 
more than four layers of foil. In an exemplary embodiment, 
as best seen in FIG. 1, the foil-layer assemblage 20 also has 
a second foil layer 28 which is generally identical to and 
generally superimposed on the first foil layer 24. In a 
preferred embodiment, for added flexibility, the first and 



5,657,998 
3 

second foil layers 24 and 28 each have slots 30, wherein the 
slots 30 of the second foil layer 28 are spaced apart from the 
slots 30 of the first foil layer 24 to ensure that the foil-layer 
assemblage 20 is generally impervious to gas. Preferably, 
the foil-layer assemblage 20 has a thickness of generally 
between five and ten thousandths of an inch, and the first and 
second foil layers 24 and 28 each comprise a high 
temperature, cobalt-based super-alloy, such as L-605. It is 
noted that the first and second foil layers 24 and 28 can 
comprise different materials and/or have different thick 
nesses depending on the particular seal application. 
The cloth-layer assemblage 22 of seal 10 is an assemblage 

of overlying layers of cloth. A cloth layer comprises (and 
preferably consists essentially of) metal, ceramic, and/or 
polymer fibers which have been woven, knitted, or pressed 
into a layer of fabric. The choice of layer construction (i.e., 
woven, knitted, or pressed), the choice of materials for the 
cloth, and the choice of the thickness for a layer are made by 
the artisan to meet the wear resistance, flexibility, and 
Sealing requirements of a particular seal application. 
Preferably, the cloth-layer assemblage 22 has no more than 
two layers of cloth. In an exemplary embodiment, as best 
seen in FIG. 1, the cloth-layer assemblage 22 also has a 
second cloth layer 32 generally enclosing and generally 
enclosingly-contacting the first cloth layer 26 of the cloth 
layer assemblage 22. Preferably, the cloth-layer assemblage 
22 has a thickness of generally between ten and twenty-five 
thousandths of an inch, and the first and second cloth layers 
26 and 32 each are woven cloth layers and each comprise a 
high-temperature, nickel-based super-alloy, such as Inconel 
X-750. It is noted that the first and second cloth layers 26 
and 32 can comprise different materials, different layer 
construction (i.e., woven, knitted, or pressed) and/or have 
different thicknesses depending on the particular seal appli 
cation. 
For purposes of describing the invention, the terminology 

"first and second members 14 and 16 of a gas turbine 18” 
includes the hardware used to attach the seal to the other 
portions of the gas turbine 18. Such hardware includes, but 
is not limited to, brackets, “U”-shaped flanges, extension 
arms, and backing plates. 

In the preferred installation of seal 10, seen in FIG. 2, the 
first and second members 14 and 16 of the gas turbine 18 
each are seen as a generally “U”-shaped bracket (with 
hatching lines shown for clarity) which holds the cloth-layer 
assemblage 22 by either spot-welding or by compressive fit, 
with the cloth-layer assemblage 22 generally enclosing and 
generally enclosingly-contacting the foil-layer assemblage 
20 (shown with hatching lines for clarity) by a stretch fit. 
From FIG. 2 it is seen that the cloth-layer assemblage 22 
includes an edge 34 and two generally opposing outer 
Surfaces 36 and 38 joined at the edge 34, and it is seen that 
the edge 34 of the cloth-layer assemblage 22 contacts the 
first member 14 of the gas turbine 18. Preferably, the first 
and second members 14 and 16 are members of a gas turbine 
combustor 40. 

In an exemplary embodiment, the first and second mem 
bers 14 and 16 are members of a gas turbine combustor 
casing 42. The gas turbine combustor casing 42 has a 
generally longitudinally extending axis 44 and generally 
annular first and second segments 46 and 48 which are each 
generally coaxially aligned with the axis 44. The first 
segment 46 terminates in a generally “U”-shaped first flange 
50 and includes the first member (bracket) 14 which is 
disposed in, and typically is spot-welded to, the first flange 
50. Likewise, the second segment 48 terminates in a gen 
erally “U”-shaped second fange 52 and includes the second 
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4 
member (bracket) 16 which is disposed in, and typically is 
spot-welded to, the second flange 52. In the preferred 
installation of the seal 10, seen in FIG. 2, the foil-layer 
assemblage 20 is spaced-apart from the second member 
(bracket) 16, and the cloth-layer assemblage 22 contacts the 
second member (bracket) 16. It is noted that, in general, the 
cloth-layer assemblage 22 can generally enclose the foil 
layer assemblage 20 without covering the ends (not seen in 
cross-sectional FIG. 2) and/or the edges (shown as covered 
right and left edges in FIG. 2 which are unnumbered for 
clarity) of the foil-layer assemblage 20. It is further noted 
that the foil-layer assemblage 20 can be secured within the 
cloth-layer assemblage 22 by any suitable securing 
technique, and that the cloth-layer assemblage 22 can be 
attached to the first and/or second member 14 and/or 16 of 
the gas turbine 18 by any suitable attachment. 

Referring again to the drawings, FIGS. 3-5 schematically 
show a second preferred embodiment of the gas-path leak 
age seal 54 which includes a single foil layer 56 and a single 
cloth layer 58. 

FIG. 3 shows an installation of the seal 54. A first gas 
turbine Subassembly, such as a combustor, includes a com 
bustor casing 60 which terminates in a first member which 
is a generally “U”-shaped flange 62. A second gas turbine 
Subassembly, such as a turbine, includes a nozzle casing 64, 
a second member which is a generally “U”-shaped bracket 
66, and an extension arm 68 connecting the bracket 66 to the 
nozzle casing 64. The seal 54 is fixedly attached to the 
bracket (second member) 66 and, under vibration and/or 
differential thermal growth, is in slidingly contact with (i.e., 
slidingly engages) the flange (first member) 62. It is noted 
that this installation is suitable for seal applications requiring 
a relatively large leakage gap and a relatively small part 
overlap, as can be appreciated by those skilled in the art. 
Also, in this installation, it is seen that the cloth-layer 
assemblage (here consisting of the single cloth layer 58) 
includes an edge 70 and two generally opposing outer 
surfaces 72 and 74 joined at the edge 70, and that the outer 
surfaces 72 and 74 of the cloth-layer assemblage (here 
consisting of the single cloth layer 58) contact the flange 
(first member) 62 proximate the edge 70 of the cloth-layer 
assemblage (here consisting of the single cloth layer 58). It 
is pointed out that seal 54 is generally identical to seal 10 
with the exception that seal 54 has a single (instead of a 
double) foil layer 56 and a single (instead of a double) cloth 
layer 58 and with the exception that seal 54 has its cloth 
layer assemblage (here consisting of a single cloth layer 58) 
not enclose one of the edges of its foil-layer assemblage 
(here consisting of one of the edges 76 of its single foil layer 
56). 

FIG. 4 shows a twin-seal installation wherein each of the 
seals 78 and 80 is generally identical to the seal 54 of FIG. 
3 with the seals 78 and 80 having a different seal installation 
from that shown in FIG. 3. First and second members 82 and 
84 of a gas turbine 86 (only a small portion of which is 
shown in FIG. 4) are spaced apart creating a gas-path 
leakage-gap 88 therebetween. Seal 78 is attached to the first 
member 82 and extends towards, but does not contact, the 
Second member 84. Likewise, seal 80 is attached to the 
Second member 84 and extends towards, but does not 
contact, the first member 82. The seals 78 and 80 have 
portions which overlap and are “preloaded' such that their 
overlapping portions compressively contact each other to 
generally seal the leakage-gap 88. 

FIG. 5 shows a multi-seal installation wherein each of the 
seals 90 is generally identical to the seal 54 of FIG. 3 with 
the seals 90 having a different seal installation from that 
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shown in FIG. 3. First and Second members 92 and 94 of a 
gas turbine 96 (only a small portion of which is shown in 
FIG. 5) are spaced apart creating a gas-path leakage-gap 98 
therebetween. Each of the Seals 90 is attached to the first 
member 92 which is a backing plate. The first member 
(backing plate) 92 is attached to another member 100 of the 
gas turbine 96. The seals 90 extend towards and compres 
sively contact the second member 94 to generally seal the 
leakage-gap 98.It is noted that this installation is suitable for 
seal applications requiring a relatively Small leakage gap and 
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10 

arelatively large part overlap, as can be appreciated by those 
skilled in the art. 
The foregoing description of several preferred embodi 

ments of the invention has been presented for purposes of 
illustration. It is notintended to be exhaustive or to limit the 
invention to the precise form disclosed, and obviously many 
modifications and variations are possible in light of the 
above teaching. It is intended that the scope of the invention 
be defined by the claims appended hereto. 
We claim: 
1. Agas-path leakage seal for generally sealing a gas-path 

leakage-gap between spaced-apart first and second members 
of a gas turbine, said seal comprising: 

a) a generally imperforate foil-layer assemblage consist 
ing essentially of material selected from the group 
consisting of metals, ceramics, and polymers, generally 
impervious to gas, disposed in said gas-path leakage 
gap, spaced apart from said first member, having a 
foil-assemblage edge and generally opposing first and 
second foil-assemblage outer surfaces extending to said 
foil-assemblage edge, and having a first foil layer 
wherein said first foil layer has a lengthwise direction 
and wherein a cross section of said first foil layer 
normal to said lengthwise direction does not itself 
completely enclose other structure; and 

b) a woven, non-impregnated, cloth-layer assemblage 
generally pervious to gas, contacting said first member, 
and having a first cloth layer covering and contacting 
generally the entire first foil-assemblage outer surface, 
and covering and contacting generally the entire second 
foil-assemblage outer surface, wherein said foil-layer 
assemblage consists essentially of material selected 
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6 
from the group consisting of metals, ceramics, and 
polymers, and wherein said first cloth layer covers 
generally the entire foil-assembly edge. 

2. The seal of claim 1, wherein said cloth-layer assem 
blage includes a cloth-assemblage edge and two generally 
opposing cloth-assemblage outer Surfaces joined at said 
cloth-assemblage edge, and wherein said two generally 
opposing cloth-assemblage outer surfaces contact said first 
member proximate said cloth-assemblage edge. 

3. The seal of claim 1, wherein said cloth-layer assem 
blage includes a cloth-assemblage edge and two generally 
opposing cloth-assemblage outer surfaces joined at said 
cloth-assemblage edge, and wherein said cloth-assemblage 
edge contacts said first member. 

4. The seal of claim 1, wherein said foil-layer assemblage 
is spaced apart from said second member, and wherein said 
cloth-layer assemblage contacts said second member. 

5. The seal of claim 1, wherein said cloth-layer assem 
blage includes a second cloth layer generally enclosing and 
generally enclosingly-contacting said first cloth layer of said 
cloth-layer assemblage. 

6. The seal of claim 1, wherein said foil-layer assemblage 
includes a second foil layer which is generally identical to 
and generally Superimposed on and generally entirely con 
tacts said first foil layer. 

7. The seal of claim 6, wherein said first and second foil 
layers each have slots, wherein said slots of said second foil 
layer are spaced apart from said slots of said first foil layer. 

8. The seal of claim 1, wherein said first and second 
member are members of a gas turbine combustor. 

9. The seal of claim 8, wherein said first and second 
members are members of a gas turbine combustor casing. 

10. The seal of claim 1, wherein said foil-layer assem 
blage consists essentially of metal. 

11. The seal of claim 1, wherein said foil-layer assem 
blage has a thickness of generally between five and ten 
thousandths of an inch. 

12. The seal of claim 11, wherein said cloth-layer assem 
blage has a thickness of generally between ten and twenty 
five thousandths of an inch. 
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